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In order to estimate the number of recreational anglers fishing in fresh or marine waters, a biennial online screening survey (~ 50,000 households) was conducted in December 2009 December , 2011 December , 2013 December , 2015 December and 2017 . Results show that since 2009, the number of recreational anglers in the Netherlands has been declining (1.7, 1.4, 1.3, 1.2 and 1.1 million for 2009, 2011, 2013, 2015 and 2017 respectively) . After 2013, the decline can be attributed to a decreasing number of fresh water anglers ( Table 1-1A . Only few pollack, salmon, rays and sharks catches were reported. These have not been raised to the population number, but only the absolute number of reported fish are presented in this report (Table 1-1B) . Angling is a popular activity worldwide and although most recreational anglers make few fishing trips per year, collectively they catch substantial quantities of fish. For some fish species, recreational fisheries have a significant impact on stocks and therefore there is an increasing need to provide reliable estimates of the recreational catch (Coleman et al., 2004) . The dynamic nature of participation in recreational fisheries in terms of activity levels makes it challenging to accurately assess the number of people that are engaged in recreational fisheries. In order to keep the potential biases as low as possible, a survey design was used which encourages accurate and complete data reporting as well as tracking and follow-up of non-respondents (van der Hammen et al. 2016 (van der Hammen et al. , 2017 . The design of the current recreational fisheries survey comprises of four components; (1) screening survey, (2) logbook survey, (3) onsite survey and (4) gillnet survey. The screening survey is used to estimate the total population of anglers and their demographic profiles. The logbook survey is used to estimate the yearly catch per angler. A total of 2,672 participants were recruited for a 12 month logbook survey which originated from the screening survey (n=2,607) and from recreational fisheries websites (n=65). Participants were contacted online once a month by a market research company (Kantar) and requested to transfer the data recorded in their logbooks to online questionnaires. The onsite survey was used to collect additional, accurate length data of retained fish by marine anglers for the conversion of catches in numbers to biomass. Results of the gillnet survey were published in a separate report.
In this report, we present the results from the screening surveys in December 2017 and the catch estimates from the latest logbook survey, which ran from March 2016 to February 2017. The results are compared with the previous logbook and screening surveys.
Materials and methods

Number of recreational anglers: Online Screening Survey 2017
The screening survey is used to estimate the number of recreational anglers. It is a panel survey, which was conducted by a commercial marketing company (Kantar). The demographics of the panel such as age, gender, education level and place of residence are controlled by Kantar to ensure that it resembles the demographics of the Dutch population are as much as possible.
The questions about recreational fishing were offered in December 2017 in an online omnibus questionnaire containing questions of different topics. Participants did not know the topics before filling in the questionnaire and were not allowed to skip topics. This is assumed to lower possible non-response that is directed to fisheries questions. One member of the family filled in the questionnaire for the whole family.
In the screening survey, respondents were asked if they had fished recreationally the year before, what gear(s) they had used, if they were intending to participate in freshwater and /or marine recreational fisheries in the year before and if they would be interested in participating in a 12-month logbook survey.
In addition, they were asked to indicate how many fishing trips they had made the year before to determine their level of fishing 'avidity' (number of trips per year). The design of the screening survey was similar to the previous screening surveys. The questions of the latest (2017) screening survey are listed in annex 1.
Logbook survey
Participants for the logbook survey were recruited from the screening survey (December 2015) from the pool of participants who planned to fish in 2016. They were selected with a probability of inclusion based on an analysis of demographics including age, gender and region of residence such that it matched ratios found in the screening survey as much as possible. This was done on an individual basis, i.e. some members of the same household could be included in the survey, whereas others were not. The screening survey was based on a database from Kantar. This database has a turnover rate of ~ 10% per year. This means that several participants have joined multiple surveys.
It was attempted to make each avidity group of equal size. However, the screening survey did not recruit sufficient high avid anglers. Therefore, (high avid) anglers were also recruited by advertisements on recreational fisheries websites. Interested anglers were asked the same questions online as the participants of the screening survey about fishing avidity, as well as some of their demographics (age, gender etc.) . This resulted in 65 external participants ('web' participants) joining the logbook survey. In marine water, three avidity groups were made and for fresh water, four groups were made (Table 2-1). Participants of the logbook survey were asked to maintain a logbook in which they record per fishing trip information on catch and effort. The information in the logbooks included among other questions: fishing location, water body type, start and end date and time of the fishing trip, gear used, catch (number of fish, species, size in cm), whether a fish was retained or released and whether the recorded length of fish was measured or estimated (see annex 2 for the logbook questionnaire). Participants were contacted online once a month by Kantar and requested to transfer the data recorded in their logbooks to online questionnaires. The participants were also expected to indicate if they had not fished during that month. 
Onsite survey
Fish lengths are used to convert numbers to weights. In marine water, an onsite survey was conducted at the same time as the logbook survey to obtain length data. In order to obtain this data, a number of recreational anglers were trained in measuring fish lengths. Subsequently, the trained anglers approached anglers in the field and measured the lengths of retained fish. Observers collected data from anglers fishing from the shore, and anglers fishing from boats. The length data from the onsite survey were used for the number to biomass conversion for sea bass and cod. Only the lengths measured during the same period as the logbook survey (March 2016-February 2017) were used (133 cod and 91 sea bass, Table 2 -2). For eel, there were no length samples in the onsite survey and lengths from the logbook survey were used to convert length to biomass.
Analysis
A simplified scheme of the raising procedure is visualised in annex 3. The screening survey is used to estimate the proportion of recreational anglers in the Dutch population for each avidity group and for fresh and marine waters. The total number of inhabitants in the Netherlands was obtained from Statistics Netherlands (CBS), which are used to raise these proportions to the total number of anglers in each avidity group, for fresh and marine waters. Subsequently, the logbooks are used to estimate the catches per year per angler for each fish species. Multiplying the catches per year in number or weight with the total number of anglers within the avidity group gives the total number or weight per species and avidity group. Summing these estimates for each avidity group results in the total catch estimate per species.
Participation
Some participants did not respond all 12 months. If a participant in the logbook survey had not responded in one or more of the months, in the next month additional questions about their fishing activity in those missing months were asked. For those missing months only questions about the number of fishing trips were asked, questions about the catches were not asked to order to avoid recall bias. A proportion of anglers, who did not fill in their logbooks every month, filled in these additional questions about their fishing activities in these months. If they did, the missing months of non-respondents from the logbooks were completed with the information about their fishing activity. Participants had to return their logbooks (supplemented with this information) at least eight times to be included in the analysis. In the months were logbook data was absent, but the additional questions were released, it was known whether an angler had fished in a specific month and how many fishing trips were made, but information about the catches was absent. Anglers indicating that they did not fish in a specific month were assigned zero catch and effort and treated as having fully responded in that month. If respondents indicated they had fished, we sought to impute their fishing activity for the missing months using hotdeck imputation (Sarndal and Lundstrom, 2005) . This is a method where a missing value is imputed from a randomly selected similar record, where the donors come from the same dataset as the recipients. The donor values were chosen from respondents with the same stated avidity as the recipient and who had fished in the same month as the missing value of the recipient. Usually only a very small amount of data is imputed in this manner. Imputation was done in R (R_Development_Core_Team, 2018), library StatMatch, function NND.hotdeck.
Data cleaning
Data was checked and cleaned if records or respondents were considered unreliable. The respondents who were excluded from the analyses are listen in annex 4.
Drop-out removal
The population of anglers changes over time, with anglers leaving or entering recreational fishery, the so called 'drop-ins' and 'drop-outs'. Drop-outs are defined as those anglers who did not fish during the timespan of the logbook survey, and were excluded from the analysis. Weighting for avidity ensures that the drop out removal is corrected for changes in the distribution of avidities. Drop-out removal was done after hotdeck imputation.
Species recognition
The participants of the survey were provided with a species recognition card and a free smart phone app developed by the Dutch Angling Association (Sportvisserij Nederland) to assist with identification of the catch. However, several fish species are difficult to distinguish, which will cause some bias in the results.
Converting numbers to biomass
Biomass of retained fish is estimated in different ways. For sea bass and cod the length data from the onsite survey from 2016-2017 (see Table 2 -2) were used for the number to biomass conversion using length weight relationships (W=a*L^b, with W= weight in kg, L = length in cm, sea bass: a = 0.0074, b = 3.096, cod: a=0.0068, b=3.101). The mean weight of all cod or sea bass from the onsite survey was assigned to each retained cod or sea bass reported in the logbooks. For eel, the length data from the logbooks were used for the number to biomass conversion, by using the length that were assigned to the individual fish by the angler if participants had stated that they measured the fish length. If participants had stated that they estimated the fish lengths, lengths were replaced by randomly assigning lengths from the pool of measured lengths. The length weight relationships used for eel was: a = 0.00107 and b = 3.133. Rays, sharks, pollack, salmon/seatrout were only reported in small amounts and only the number of recorded fish are presented in this report. 
Precision
Standard errors and confidence intervals were estimated by bootstrapping (10,000 iterations). If the RSE is larger than 40 or if the number of anglers that caught a specific fish species during the entire logbook survey is below 25 the record is marked as imprecise.
Catch & Release mortality
A proportion of the released fish will not survive the ordeal of being caught due to injuries sustained in the hooking and handling process and/or due to barotrauma.
In the Netherlands, fish are often released. In the previous report, rough estimates of C&R mortalities are presented for the species studied in this report. In this report we do not give estimates of the C&R mortalities.
Results
Number of recreational anglers: online screening survey
In 2017, the participation rate of freshwater and marine anglers among the Dutch population was 6.2% and 3.3%, respectively (Table 3- (December 2009 (December , 2011 (December , 2013 (December , 2015 (December and 2017 
Logbooks
Participation
Around 41% of the logbook survey participants responded fully for the twelve months of the survey, the remainder participants responded between 1 and 11 times. After inclusion of the blanks, 94% responded 8-12 times, which means that 94% of the participants were included in the analysis (Table 3 -2) . The response rate is somewhat higher than in previous survey rounds. This is probably because the survey was extended for 2 months. Even though the data of the extended period (March and April 2017) is not used in the analyses, it gave respondents more time to fill in their logbooks from the regular survey or blanks questionnaire for the missing months. Only a small proportion of the data (in months) was imputed; 2.9% for marine water and 3.4% for fresh water (Table 3-3) . 
Drop out removal
The percentage of marine anglers that planned to fish, but did not fish (drop-outs) was 73% (n=1126).
This is higher than the previous round (64%). The number of fresh water anglers who planned to fish but did not fish was much lower, 27% (n=675). However, this percentage is also much higher than in the previous round (19%). The drop-outs were removed before the analysis. The percentage and number of dropouts presented here are calculated before the removal of the respondents who returned less than eight logbooks.
Fish trips
Participants of the logbook survey were asked to locate their fishing trip by clicking into google maps or by typing in a place or address. This step could not be skipped and resulted in approximate locations.
This also results in occasional mistakes, for example marine trips in inland areas and trips located abroad (were the country was recorded to be the Netherlands). Participants also regularly mentioned that they found it difficult to locate their fish trip in this manner. Visualisation of the fish trips was done by including only the fish trips in the Netherlands (Figure 3-1) .
In total 1,164 (marine) and 9,974 (fresh water) trips were included in the analysis (Table 3 -4). In both marine and fresh water, the average number of fish trips is lower than the stated avidity from the year before (Table 3 -5) . 
Cod (Gadus morhua)
Most anglers did not catch cod, the percentage of marine anglers retaining one or more cod during the survey was 3.0%. Most of those who did catch cod, caught only 1-5 cod with a few outliers of which one angler caught and returned > 80 cod during the survey (Figure 3-2) . The mean length of retained cod is 46.6 cm (based on the onsite survey, Figure 3-3) . 
Catch
In total, 165 thousand cod (95% CI 101-223) were estimated to be retained and 324 (95% CI 122-475) thousand cod were released (Table 3 -6) . The percentage of retained cod is 34%. The total biomass of retained cod was estimated to be 191 tonnes (95% CI 117-257, Table 3 -6) . 
European sea bass (Dicentrarchus labrax)
The percentage of marine anglers retaining one or more sea bass on a yearly basis was 2.4%. Most of those who did catch sea bass, caught only 1-5 sea bass with a few outliers (Figure 3-4) . The mean length of retained sea bass is 41.9 cm (based on the onsite survey, Figure 3 -5) . 
Catch
In total, 108 (95% CI 40-161) thousand sea bass were retained and 778 (95% CI 481-1,034) thousand were released (Table 3 -8) . The percentage of retained sea bass is 12%. The total biomass of retained sea bass was estimated to be 95 tonnes (95% CI 35-141). 
Pollack (Pollachius pollachius)
Pollack is rarely caught in Dutch waters. In total 34 pollack were reported in the 2016-2017 logbook survey by seven anglers (Table 3 -10). Most pollack were released (27). The number of records in the logbooks was too small to raise the data to the population level. 
Rays
No rays were reported in the 2016-2017 logbook survey (Table 3 -11). 
Sharks
Sharks are rarely caught in Dutch waters. In total seven sharks were reported in the 2016-2017 logbook survey by four anglers (Table 3 -12) . The numbers are very low compared to previous years. The number of records in the logbooks was too small to raise the data to the population level. 2012-2013 2014-2015 2016-2017 Retained 0 31 4 Released 59 191 3
Eel (Anguilla anguilla)
Marine: Most anglers did not catch eel in marine water, the percentage of marine anglers retaining one or more eel during the survey was 1.2%. Most of the participants who caught eel, caught only 1-5 eel (Figure 3-6 ). The mean length of retained eel in marine water was 49.8cm (based on measured lengths from the logbook survey, Figure 3 -8).
Fresh water: Most anglers did not catch eel in fresh water, the percentage of freshwater anglers retaining one or more eel during the survey was 0.9%. Most of those who did catch eel, caught only 1-5 eel, with some outliers (Figure 3-7) . The mean length of retained eel in fresh water was 44.6cm (based on measured lengths from the logbook survey, Figure 3-9) . Fresh water: Numbers of retained and released eel in fresh water have drastically decreased from 2014 to 2016. The biomass of retained eel in fresh water decreased as well (Table 3 -14) . The low number of recorded eel and anglers recording eel also results in imprecise estimates. The cause of the decrease is unknown. It could be that compliance to the obligation to release eel, which came into place in 2009, has increased over the years. The very strong decrease in catches seems unlikely and may be an effect of a lack of eel anglers in the logbook survey. 
Salmon/Seatrout
Salmon and seatrout are difficult to distinguish and are therefore grouped. Salmon and seatrout are migratory species and are reported in both fresh and marine waters. The variation in the number of salmon and seatrout reported per angler is high and usually only a low number of anglers reports catching salmon or seatrout.
Catch
Marine: In marine water, seven anglers reported 34 salmon or seatrout in the 2016-2017 survey. Of these, 26 are released and eight were retained (Table 3 -16).
Fresh water: Salmon and seatrout in fresh water are mainly caught in (paid) trout ponds. For this report we are only interested in wild salmon and seatrout and we therefore only report on salmon and seatrout reported to be caught in rivers and canals. In the 2016-2017 survey two salmons/seatrout were reported in fresh water by two anglers, which were released. 
Commercial catches
As percentage of the total cod landings (including the commercial landings), the percentage of recreational cod catches (12%, Table 4 
Catch & Release mortality
A proportion of the released fish will not survive the ordeal of being caught due to injuries sustained in the hooking and handling process and/or due to barotrauma. In the previous report (van der Hammen & de Graaf 2017), rough estimates for C&R mortality were used. Since the latest report, research in C&R mortality estimates for eel and European sea bass was published , Lewin et al., 2019 . For eel, a field experiment was conducted to investigate impacts of C&R. This resulted in estimates of mortality rates depending on hook type, hook location (deep or shallow) and whether the line was cut or the fish was attempted to be removed ). In the Dutch logbook surveys from 2016-2017 and the one currently running in 2018-2019, questions on hook location and hook type were asked. These data will be analysed to investigate if a catch and release mortality based on the logbook data can be estimated. For European sea bass, there is a recent paper by Lewin et al. (2019) , investigating post-release mortality of sea bass with different bait types, air exposure time and deep/shallow hooking. This resulted in an estimation of 5% (95%CI: 2.8%-9.1%) C&R mortality. This seems like a reasonable estimate for the Dutch recreational sea bass releases. In the latest logbook surveys (2016) (2017) (2018) (2019) , also questions about hook location, hook type and bait types are asked for released sea bass. These will be analysed, to investigate if these can be used to estimate a more accurate C&R mortality based on the logbook data.
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